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(54) [ Title of the Invention ] Production of Triethylenediamines and 
Piperazines 

(57) [ Claims ] 

[ Claim 1 ] Production of triethylenediamines and piperazines, 
characterized in that an amine compound selected from the group consisting 
of monoethanolamine, diethanolamine, N-(2-aminoethyl)ethanolamine, N-(2- 
hydroxyethyl)piperazine, N,N'-bis(2- hydroxyethyl)piperazine, N-(2- 
. aminoethyl) piperazine, N,N'-bis(2- aminoethyl)piperazine, piperazine, 

ethylenediamine, diethylenetriamine, and triethylenetetramine is brought into 
contact and reacted with a catalyst comprising a crystalline aluminosilicate 
having a silica to alumina molar ratio of 12 or more, which has been sintered 
at a temperature of between 500 and 950°C in a hydrogen [sic] atmosphere. 

[ Detailed Description of the Invention ] 
[ 0001 ] 

[ Field of Industrial Application ] 

The present invention relates to a catalyst modification technique for 
producing high yields of triethylenediamines and piperazines. 

[ 0002 ] 
[ Prior Art ] 

Zeolites are well known as catalysts capable of producing 
triethylenediamines through the cyclization of amine compounds. Examples 
of processes include the use of an A type zeolite catalyst with N-(2- 
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aminoethyl)piperazine as starting material (Japanese Unexamined Patent 
Application (Kokai) 50-58096); the use of a high silica zeolite catalyst having 
a silica to alumina molar ratio of at least 20 or more, with N-(2- 
aminoethyl)piperazine and N-(2-hydroxyethyl)piperazine starting materials 
(Japanese Unexamined Patent Application (Kokai) 60-260574); the use of a 
crystalline aluminosilicate catalyst having a silica to alumina molar ratio of 12 
or more, with ethyleneamine starting materials such as ethylenediamine or 
monoethanolamine (Japanese Unexamined Patent Applications (Kokai) 62- 
228079 and 63-122654); and the use of a pentasyl type zeolite catalyst with 
piperazine, ethylenediamine, diethylenetriamine, and 2-aminoethanol starting 
materials (Japanese Unexamined Patent Applications (Kokai) 1-132587 and 
1-143864). 

[ 0003 ] 

The zeolites described in the aforementioned literature are usually 
sintered at a temperature of no more than 600°C in air before being used as 
the catalyst. High conversion reactions of amine compound starting materials 
with such catalyst systems often encounter problems such as the poor 
selectivity for triethylenediamine and piperazine due to undesirable side 
reactions such as condensation and decomposition. In Japanese 
Unexamined Patent Application (Kokai) 50-58096, the selectivity for 
triethylenediamine is 55% at an N-(2-aminoethyl)piperazine conversion of 
80%, and decreases to 45% at a conversion of 84%. That is, greater starting 
material conversion rates tend to result in lower selectivity for the target 
product. In Japanese Unexamined Patent Application (Kokai) 60-260574, an 
N-(2-hydroxyethyl)piperazine conversion of 21 % results in a selectivity for 
triethylenediamine of 75% and a selectivity of 17% for piperazine, while a 
conversion of 72% results in a triethylenediamine selectivity of 70% and a 
selectivity of 16% for piperazine. Although this is not a significant decrease, 
the extremely high reaction temperature results in a considerable loss of 
catalyst activity. Starting materials such as N-(2-aminoethyl)piperazine result 
in a low triethylenediamine selectivity of no more than 50%. In Japanese 
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Unexamined Patent Application (Kokai) 63-122654, a monoethanolamine 
conversion of 86% results in a triethylenediamine selectivity of 79%, while a 
conversion of 100% results in a selectivity of 53%. In Japanese Unexamined 
Patent Application (Kokai) 1-143864, a diethylenetriamine conversion of 77% 
results in a triethylenediamine selectivity of 35% and a piperazine selectivity 
of 32%, while a conversion of 99% results in a triethylenediamine selectivity 
of 37% but a lower piperazine selectivity of 24%. 

[ 0004 ] 

[ Problems Which the Invention Is Intended to Solve ] 

As noted above, the catalyst used in the production of 
triethylenediamine is usually a crystalline aluminosilicate which has been 
sintered at a temperature of no more than 600°C in air. When catalysts 
treated under such conditions are used as catalysts in the production of 
triethylenediamine or piperazine, the following problems occur. 1 ) Higher 
starting material conversions tend to result in lower selectivity for 
triethylenediamine and piperazine. The absolute value of the selectivity for 
the target triethylenediamine is lower in systems where increased starting 
material conversion rates do not result in a lower selectivity for piperazine. 2) 
In processes where the starting material conversion is at least 90%, and the 
starting material is not recycled, the catalyst systems described above do not 
afford satisfactory selectivity for triethylenediamine and piperazine. There is 
thus a need for a catalyst allowing triethylenediamine and piperazine to be 
produced with high selectivity despite high activity and high conversion rates. 

[ 0005 ] 

[ Means for Solving the Abovementioned Problems ] 

As a result of extensive research on methods for producing 
triethylenediamine and piperazine, the inventors perfected the present 
invention upon the novel finding that crystalline aluminosilicates sintered at a 
temperature of between 500 and 950°C in steam could be used as a catalyst 
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in such reactions to produce triethylenediamine and piperazine with high 
selectivity despite high activity and high conversion rates. 



[ 0006 ] 

In short, the present invention is intended to provide a process for the 
production of triethylenediamines and piperazines, wherein the catalyst 
comprises a crystalline aluminosilicate which has been sintered at a 
temperature of between 500 and 950°C in steam, and the starting material 
comprises an amine compound having intramolecular groups represented by 
General Formula (I) 

[ 0007 ] 
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l R 2 R 
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[ Chemical Formula 2 ] 



(where R 1 through R 4 are each independently hydrogen atoms or Ci to C 3 
alkyl groups). 

[0008] 

The present invention is illustrated in further detail below. 
[ 0009 ] 

In the method of the present invention, the crystalline aluminosilicate 
used as the catalyst has a silica molar to alumina ratio of at least 12, and 
preferably between 40 and 5,000. A silica molar ratio of less than 12 relative 
to the alumina will result in a lower selectivity for triethylenediamines, while a 



ratio greater than 5,000 is impractical because of the extremely low catalyst 
activity. 
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[0010] 

The silica to alumina molar ratio in the crystalline aluminosilicate 
catalyst of the present invention is limited only to the extent that it should 
remain within the range stipulated above, although those with intracrystalline 
free space primarily from 10-membered rings of oxygen atoms are preferred. 
Specific examples of such crystalline aluminosilicates include the ZSM-5 
given in US Patent 3,702,886, the SZM-8 given in US Patent 1 ,334,243, the 
ZSM-11 given in US Patent 3,709,979, the ZSM-12 given in US Patent 
3,832,449, and the SZM-21 given in US Patent 4,001 ,346. 

[0011 ] 

In the method of the present invention, when the crystalline 
aluminosilicate is produced by hydrothermal synthesis, such hydrothermal 
synthesis may be managed in the presence or absence of an organic 
crystallizer. 

[0012] 

In the method of the present invention, the crystalline aluminosilicate is 
not limited to the H type. Part or all of the hydrogen ions may be exchanged 
with other cations such as lithium, sodium, potassium, cesium, magnesium, 
calcium, or lanthanum ions. 

[0013] 

In the method of the present invention, the crystalline aluminosilicate is 
used as a catalyst after being sintered in steam. Sintering in air alone will 
result in poor selectivity for the target triethylenediamines and piperazines, 
and will also result in poor selectivity for triethylenediamines and piperazines 
due to undesirable side-reactions such as condensation and decomposition 
when the starting material amine compounds are reacted at a high 
conversion. 

[0014] 
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The material may be sintered in steam either in the form of a powder or 
molded product in the method of the present invention. In the case of fixed 
bed reactors, the catalyst may be packed into the reaction and then sintered 
in steam as a form of pretreatment. When the crystalline aluminosilicate is 
hydrothermally synthesized in the presence of an organic crystallizer such as 
an organic nitrogenous compound, it may be converted to an H type when 
sintered in air and then sintered in steam, or it may be immediately sintered in 
steam. The sintering conditions vary depending on the type of crystalline 
aluminosilicate, the molar ratio of the silica to alumina, the starting materials 
that are used, and so forth, but ordinarily the material is sintered in steam for 
at least 1 hour, and preferably at least 3 hours, at a temperature between 500 
and 950°C, and preferably between 550 and 800°C. A sintering temperature 
below 500°C will result in a lower selectivity for the target triethylenediamines 
and piperazines. A temperature over 950°C will result in a crystalline 
aluminosilicate of lower crystallinity, a lower specific surface area, and lower 
catalyst activity. The selectivity for the target triethylenediamine and 
piperazine will also be lower. The steam pressure is usually 50 to 760 
mmHg, and preferably 100 to 760 mmHg. 

[0015] 

In the method of the present invention, the catalyst configuration is not 
particularly limited, and may be in the form of a powder or molded product, as 
befits the mode of reaction. For example, powder and granulates may be 
used for suspended beds, while catalyst molded into tablets, beads, or rods 
may be used for fixed beds. 

[0016] 

Molded catalysts can be formed, for example, by extrusion molding, 
tablet molding, and granule molding. Silica, alumina, silica-alumina, clay, 
and the like may be added as binder during the molding process. 
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[0017] 

The starting material compounds used in the method of the present 
invention should be amine compounds having groups represented by the 
aforementioned General Formula (I). Examples include monoethanolamine, 
diethanolamine, isopropanolamine, diisopropanolamine, N-(2- 
aminoethyl)ethanolamine, N-(2-hydroxyethyl)piperazine, N,N , -bis(2- 
hydroxyethyl)piperazine, N-(2-aminoethyl) piperazine, N,N , -bis(2- 
aminoethyl)piperazine, piperazine, ethylenediamine, diethylenetriamine, and 
triethylenetetramine 

[ 001 8 ] 

The reaction may be carried out in the gas phase or liquid phase in the 
method of the present invention. 

[0019] 

The reaction may be carried out in batch, semi-batch, and continuous 
mode with suspended beds, and can also be carried out in fixed bed mode, 
but for industrial purposes, the fixed bed mode is preferred in view of 
operations and equipment, and for economic reasons. 

[0020] 

An inert gas such as nitrogen, hydrogen, ammonia, steam, or a 
hydrocarbon may be used as a diluent, and an inert solvent such as water or 
an inactive hydrocarbon can be used to dilute the starting material amine 
compounds in order to facilitate the reaction. Such diluents can be used in 
the desired amount, although they should normally be used in an amine 
compound/diluent molar ratio of between 0.01 and 1 . A molar ratio of less 
than 0.01 is unfeasible for the production of triethylenediamines and 
piperazines. A molar ratio greater than 1 will result in a low selectivity for 
triethylenediamines and piperazines. 
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[0021 ] 

The reaction of the amine compounds progresses when they are 
brought into contact with the catalyst consisting of the aforementioned 
crystalline aluminosilicate. The conditions such as the reaction temperature 
and space-time velocity vary depending on the type of crystalline 
aluminosilicate and the type of amine compound, and therefore cannot be 
stipulated absolutely, but the reaction temperature is usually 250 to 450°C, 
and the space-time velocity (GHSV) is usually 100 to 10,000 hr" 1 . 

[ 0022 ] 

The reaction should ordinarily be carried out at atmospheric pressure 
in the method of the present invention, but may also be carried out at reduced 
or increased pressure. 

[ 0023 ] 

The activity of the catalyst used in the method of the present invention 
will diminish during the reaction, but can normally be regenerated by sintering 
the catalyst, allowing it to be used repeatedly with high activity. 

[ 0024 ] 

[ Merits of the Invention ] 

Various amine compounds can be used as starting material in the 
method of the present invention to produce high yields of target 
triethylenediamines and piperazines in a single reaction, without the need for 
intermediates. Even when the reaction results in high conversion of the 
starting material amines, the target product can be produced with high 
selectivity in high yields, making it unnecessary to recycle the starting 
material. The catalyst activity also lasts longer, and can also be regenerated 
for repeated use, thereby reducing manufacturing costs. The method is thus 
extremely useful for industrial purposes. 
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[ 0025 ] 

[ Examples ] 

The present invention is illustrated in further detail in the following 
examples, but is not in any way limited to or by these examples. 

[ 0026 ] Catalyst Preparation Example 1 

Powdered ZSM-5 zeolite (860NHA by Tosoh, with a silica/alumina 
molar ratio of 72) was molded into tablets and then sintered for 4 hours at 
550°C in steam, giving H-type ZSM-5 (1). 

[ 0027 ] Catalyst Preparation Examples 2 and 3 

H-type ZSM-5 (2) and (3) were prepared in the same manner as in 
Preparation Example 1 except that the sintering temperature was changed to 
600 and 700°C, respectively. 

[ 0028 ] Catalyst Preparation Example 4 

Powdered ZSM-5 zeolite (860NHA by Tosoh, with a silica/alumina 
molar ratio of 72) was molded into tablets and then sintered for 4 hours at 
550°C in air, giving H-type ZSM-5 (4). 

[ 0029 ] Example 1 

A fixed bed reaction pipe was packed with the H-type ZSM-5 (1) 
obtained in Catalyst Preparation Example 1. A mixture of N-(2- 
aminoethyl)piperazine and water (molar ratio of 5/95) was fed at a GHSV of 
1000 hr" 1 while the temperature was kept at 340°C. Gas chromatography of 
the reaction solution revealed a starting material conversion of 90.9%, with a 
selectivity of 60.1 % for triethylenediamine and 27.4% for piperazine. 

[ 0030 ] Example 2 

A reaction was brought about in the same manner as in Example 1 
except that the reaction temperature was 355°C, resulting in a starting 
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material conversion of 98.7%, with a selectivity of 61 .3% for 
triethylenediamine and 21.0% for piperazine. 

[ 0031 ] Examples 3 through 6 

Reactions were brought about in the same manner as in Example 1 
except that H-type ZSM-5 (2) and (3) were used as the catalyst, and the 
reaction temperature was changed as shown in Table 1. The results are also 
given in Table 1 . 

[ 0032 ] Examples 7 through 9 

Reactions were brought about in the same manner as in Example 1 
except that triethylenetetramine, N-(2-aminoethyl)ethanolamine, and N-(2- 
hydroxyethyl)piperazine were used as the starting material amines, and the 
reaction temperature was changed as shown in Table 1. The results are also 
given in Table 1 . 

[ 0033 ] Comparative Examples 1 and 2 

Reactions were brought about in the same manner as in Example 1 
except that H-type ZSM-5 (4) was used as the catalyst, and the reaction 
temperature was changed as shown in Table 1. The results are also given in 
Table 1 . 

[ 0034 ] [sic] 
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[ 0035 ] 
[ Table 1 ] 



Example 


Cata- 


Starting 


Temp. 


Conversion 


Selectivity 




lyst 


material 
amine 


tor* \ 

(°C) 


(%) 


T 


P 


T+ P 


Example 3 


(2) 


AEP 


340 


89.7 


58.1 


29.2 


87.3 


Example 4 


(2) 


AEP 


360 


98.8 


65.7 


24.9 


90.6 


Example 5 


(3) 


AEP 


360 


94.6 


CO A 


ZD.O 


OA A 


bxampie o 


w) 


APP 
ntr 


oou 


Qft 1 

c?0. I 


62.8 


20.4 


83.2 


Example 7 


(1) 


TETA 


365 


100.0 


54.6 


18.1 


72.7 


Example 8 


(1) 


AEEA 


360 


100.0 


71.4 


5.4 


76.8 


Example 9 


(1) 


HEP 


370 


96.8 


72.5 


7.9 


80.4 


Comp. Ex. 1 


(4) 


AEP 


360 


87.0 


52.7 


26.7 


79.4 


Comp. Ex. 2 


(4) 


AEP 


380 


98.3 


54.1 


18.4 


72.5 



AEP: N-(2-aminoethyl)piperazine 

TETA: triethylenetetramine 

AEEA: N-(2-aminoethyl)ethanolamine 

HEP: N-(2-hydroxyethyl)piperazine 

T: triethylenediamine 

P: piperazine 

*ln cases where AEEA was used as the starting material amine, the 
selectivity was determined on the assumption that 1 mol T was produced from 
2 mol AEEA. 
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